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A more specific object the present invention is to 
provide a circulation device for electrolyte in a cell. 
Another specific object is to provide means to permit 
a cell to have a full electrolyte condition when discharg- 
5 ing and a starved condition as the battery nears full 
charge. 
A still further object is to provide an electrochemical 
cell wirh an expansible casing for circulating electrolyte. 
Still another object is to provide a battery with a casing 
having attached bellows which will expand upon gassing 
of the electrodes to remove some of the free electrolyte 
around the electrodes. 
Other objects and advantages of the instant invention 
will become apparent upon a close reading of the foflaw- 
ing detailed description of the preferred embodiment of 
the invention, reference being had to the accomwnying 
drawing wherein: 
FIG. 1 is a side elevational sectional view of a cell 
embodying the invention; and 
FIG. 2 is a view similar to FIG. 1 showing the inven- 
Referring specifically to the drawings wherein like 
reference characters designate like or corresponding parts 
throughout the several views, there is shown in FIGS. 
25. and 2 an electrochemical cell generally designated 1 
This cell may be of any of the usual types such as silver 
The invention described herein may be manufactured oxide-zinc, silver oxjde-cadmium, nickel-cadmium, m d  
and used by or for the Government of the United States lead-lead dioxide. Although a cell will be discussed in 
of America for governmental purposes without the Pay- illustrating the preferred embodiment, it must be realized 
ment of any royalties thereon or therefor. te battery system can also be utilized here. 
This invention relates to an electrochemical cell and prises negative electrodes 1 
particularly concerns a novel casing structure for vary- arated by separators 18. n e  separators 
ing the electrolyte level in the cell. ous or perforated and can be corrugated 
Electrochemical Cells such as Silver oxide-zinc, silver or ribbed. n e  particular material used for &e separator 
oxide-cadmium, nickel-cadmium, and lead-lead dioxide 33 depends On the particular electrolyte utilized. For a- 
are generally starved of electrolyte, h., the amount of ample, if an acid electrblyte is used, the separator must Be 
liquid electrolyte is limited so that the Separator materia1 made of material which will not disintegrate in the acid 
within the cell is wetted with ekCtrO1Yte and there is and which will be chemically inert, as for instance hard 
little or no free electrolyte within the Cell. It is Common rubber, glass, wool or piastic material. In an alkaline 
practice to construct the cell SO that the positive e k -  40 storage cell, such as a nickel-cadmium cell, the electrolyte 
trode becomes charged first and there evolves oxygen is usually a 30% solution of potassium hydroxide. S p a -  
which will recombine at the negative electrode. By having raton for this type e l l  must b made of alkaline-resistant 
a starved condition, the oxygen gas can reach the WPtive material, such as polyamides and phenolic resins. Con- 
electrode more readily, thereby limiting the pressure in- nected to the elec&odes 12, $4 are conduc.ors $8, 20, 
crease due to gassing in a sealed cell, thus preventing rup- ij respec terminates in a cmmon  ter- 
ture of the cell container. It is well known that if the cell minal terminates a common ter- 
is flooded with electrolyte the recombination process is minal e in accordance with stand., 
restricted to such a degree that high gas pressures and ard d 
possibly cell ruptures will result. 
However, it was found that limiting the free electrolyte 
to a starved electrolyte condition in a cell produced many 
problems such as ( 1 ) loss of cell capacity; (2)  Poor volt- 
age regulation or discharge; ( 3 )  high internal impedance; 
(4 )  poor heat transfer; and ( 5 )  the possibility of hot spots 
within the cell due to the near dry condition of the sepa- 35 side w,.tim 
rators. 
Attempts have been made to design batteries to permit 
the use of free electrolyte while the battery is being dis- 
charged and then to remove some of the electrolyte as 
charging was taking place. Most of these designs required 
separate compartments in the batteries or external ele- 
mentr such as bladders to receive the excess electrolyte. 
These additional elements were generally costly and some 
did not always remove the electrolyte at the right time 
while others required manual movement of the battery 
or a valve to return the electrolyte after completion of the 
charging process. 
The general object of this invention is to prwide an 
electrochemical cell or battery which allows the use of 
free electrolyte and which embraces all of the advantages 
of similarly employed mlls and which possesses none of 
An improved casing structure for an electrmhemical 
cell for enabting the lowering of the electrolyte level 
the cell during the recharging cycle to better insure the 
proper recombination of gases at the electrodes. &sen- 
tially, the casing has as an integral part thereof a bellows 
section capable of expanding during the recharging cycle 
as the pressure increases due to a release of gases from 
the electrodes, and contracting upon a subsequent de- 2o tion in expanded condition, 
crease of pressure due to the recombination of the gases, 
thereby effecting a lowering and a raising of the electm- 
lyte level within the cell. 
tther exglanation. 
casing may be of any cross-sectional configuration 
such as rectangular or circular. Terminal 1 
tend through upper portion 24 and are insulated from the 
casing by ins ators 25. Upper portion 24 is waled 
Enclosing the electrodes is a easing 
8 includes an expansible bl- 
lows-like section 32 formed of expansible folds 3%'. Bel- 
ed with side ]par- 
itable means such 
00 
be formed as the lower part of s 
0.3 instead be located at any point along the side portion. 
The casing 22 and bellows-like portion 32 must be made 
of a material resistant to the electrolyte 3 
in the casing. In addition, the bellows-like portion 32 is 
generally made of a resilient material such 88 rubber, 
'O plastic or ffexible metal that is commonly used a8 a dia- 
the aforementioned disadvantages. phragm material. 
~ , ~ ~ Q , ~ ~ ~  
Alternatively, the cell c may be described as with an electrolyte and at 1 t two electrodes therein, said 
comprising an upper member and a lower member. The casing having upper, side, and base portions formed as 
upper member is composed of upper portion and the a single chamber integral constniction, said electrodes 
upper half of side port The lower member is com- being suspended from said upper portion, said side por- 
the lower half of side por- 5 tion being provided with RexibIe means for allowing an 
increase in the volume of said chamber by an upward 
movement of said upper portion, whereby expansion of 
said flexible means of said side portion of said casing, 
due to pressure increase within the cell, increases the vol- 
ume of the cell and thereby lifts the electrodes in said cell 
In operation, the cell is filled with suitabl 
to a level completely covering the electrodes 
as shown at A in FIG. 1. When the cell 
charged, gases are released from the electrodes and bub- 
ble up through the electrolyte. In order to have proper 
recombination of the gases the electrodes must be exposed. 
As the cell is being charged, pressure build-up due to 
gassing will occur causing expansion of the hilo 
which by increasing the volume of the casing will re 
the level of electrolyte to that shown in A” in FIG. 2 
thereby exposing a substantial portion of electrodes 12, 
14. When the gas recombines on discharge with the re- 
sultant pressure decrease, the bellows will contract, there- 
UNITED STATES PATENTS by raising the electrolyte level, resulting in improved dis- 20 charge characteristics of the cell. 
AS can be seen, the bellows provides a means of effec- 1,823,709 9/1931 Taylor ____--___ 1 3 6 1 4 0  XR 
tively recirculating the electrolyte confined within the 2~131592 9/1938 Laage et ai* --------- 136-179 
cell, without the necessity of manual operation. 2,733,389 1/1956 Ellison -_-_-___.._ 136-166 X 
It will be understood that the invention is not to be 25 2*8508556 9/1958 *ermitte ------------ 13h9f 
limited to the exact construction shown and described 
in the preferred embodiment of this invention and vari- 
ous changes and modifications may be made without de- 
parting from the spirit and scope of the invention as de- 
fined in the appended claims. 
is claimed is: 
sealed electrochemical cell including a casing, 
respect to the electrolyte. 
‘Fhe sealed electrochemica1 cell of claim 
side portion comprises an upper section a 
lower section being said flexible portion of 
aled electrochemical cell of claim 2, where- 
in said lower section is formed as a bellows of B plurality 
of folded parts. 
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